358,
(van Furth, R., ed.), p. 161, Blackwell Scientific Publications, Oxford A good deal of evidence suggests that brain mitochondria are heterogeneous both in their enzyme content and complement (Van den Berg, 1973; Lai & Clark, 1976; Lai et al., 1977) . However, the connection between the heterogeneity of brain mitochondria and metabolic compartmentation is, at present, poorly understood (Van den Berg, 1973; Lai & Clark, 1976) . We have developed a method (Lai & Clark, 1976) whereby a relatively pure and metabolically active fraction of brain mitochondria may be isolated from the synaptosomal fraction ; this population of synaptic mitochondria has been shown to have metabolic and other characteristics distinctly different from those of a population of non-synaptic mitochondria prepared by the Clark & Nicklas (1970) method (Lai & Clark, 1976; Dennis et al., 1977) . In view of our finding that synaptic mitochondria metabolized pyruvate and glutamate at rates lower than those by non-synaptic mitochondria and that these differences could be partially accounted for by the differences in the Michaelis parameters of the enzymes associated with pyruvate and glutamate metabolism in these two mitochondria1 populations (Lai & Clark, 1976 ; Dennis at al., 1977), we have further studied the kinetic properties of isocitrate dehydrogenase and malate dehydrogenases in these two mitochondrial fractions with the view of ascertaining whether or not these parameters may shed more light on the relations between the heterogeneity of brain mitochondria and metabolic compartmentat ion.
Isocitrate Dehydrogenase and Malate Dehydrogenase in Synaptic and
Non-synaptic and synaptic mitochondria were prepared from eight adult male rat forebrains as previously described (Lai & Clark, 19761 . The activities of NAD+-linked and Table 1 . Kinetic constants of isocitrate dehydrogenase and malate dehydrogenase in rat brain synaptic and non-synaptic mitochondria Synaptic and non-synaptic mitochondria were prepared from eight adult male rat forebrains as described by Lai & Clark(1976 
Zsocitrate dehydrogenase
A Lineweaver-Burk plot of NAD+-linked isocitrate dehydrogenase activities in non-synaptic mitochondria at various isocitrate concentrations was a curve concaving upwards indicating that either this enzyme may exist as a mixture of enzymes having different affinities for isocitrate or that it may be an allosteric protein showing the property of positive co-operativity. A similar curve was also obtained with the Lineweaver-Burk plot of NAD+-linked isocitrate dehydrogenase activities in synaptic mitochondria at different isocitrate concentrations. Thus the NAD+-linked isocitrate dehydrogenase in both synaptic and non-synaptic brain mitochondria may be allosteric proteins with the characteristics of positive co-operativity. This is compatible with the observations of Ogasawara et al. (1973) , who found that the plot of enzyme rates against isocitrate concentrations for partially purified rat brain NAD+-linked isocitrate dehydrogenase was sigmoidal. For NAD+-linked isocitrate dehydrogenase, the Vmax. and K, values for NAD+ and isocitrate in synaptic mitochondria were slightly higher than those in non-synaptic mitochondria (Table 1) . However, the VmaX. and K,,, values for NADP+-linked isocitrate dehydrogenase in both synaptic and non-synaptic mitochondria were essentially the same (Table 1) .
Malate dehydrogenase
NAD+-linked malate dehydrogenase in both synaptic and non-synaptic mitochondria appeared to show substrate inhibition at oxaloacetate concentrations greater than 0 . 4 m~. The V,,,. and K,,, values for NADH and oxaloacetate in synaptic and nonsynaptic mitochondria were not markedly different (Table 1) .
Conclusions
The NAD+-linked isocitrate dehydrogenase in both synaptic and non-synaptic rat brain mitochondria appeared to show some characteristics of an allosteric protein, namely that of positive co-operativity. For NAD+-linked isocitrate dehydrogenase, the V,,,. and K,,, values for NAD+ and isocitrate in synaptic mitochondria were slightly higher than the corresponding values in non-synaptic mitochondria. For NADP+-linked isocitrate dehydrogenase and NAD+-linked malate dehydrogenase, the Michaelis parameters in these two populations of rat brain mitochondria were virtually the same. Thus it is reasonable to conclude that the control of tricarboxylate-cycle metabolism in these two populations of brain mitochondria does not lie at the level of either of these 1974; Matus & Walters, 1975) . These isolated postsynaptic-junctional structures can be obtained in two structural forms. One, derived by treating synaptic membranes with Triton X-100, corresponds in morphology to the postsynaptic density seen in intact tissue. Subsequent treatment of these isolated postsynaptic densities with sodium deoxycholate yields a further subfraction consisting of a fibrous network (the postsynaptic lattice) that apparently lies embedded in the postsynaptic density (Cohen et al., 1977; Matus & Jones, 1978) .
We have examined the distribution of protein kinase activity and labelled phosphoproteins in isolated synaptosomal plasma membranes, postsynaptic densities isolated with Triton X-100, and postsynaptic lattices prepared with sodium deoxycholate.
The synaptosomal membranes were prepared by the method of Jones & Matus (1974) , and from them postsynaptic densities or postsynaptic lattices were prepared by detergent treatment and centrifugation as previously described (Matus, 1978) . Membrane samples (0.4mg) were phosphorylated by incubation in lml of 30m~-Tris/HCI buffer, pH7.4, containing 1 fimol of ATP and 40pmol of [p3'P]ATP (The Radiochemical Centre; 15Ci/mmoI). Protein-bound radioactivity was assayed by the method of Rodnight et al. (1975) .
The distribution of 32P-labelled synaptic-membrane phosphoproteins after detergent treatment is shown in Table I .
The specific activity of protein-bound 3zP in the Triton X-100-insoluble postsynapticdensities fraction was approximately twice that in untreated synaptic membranes. The specific activity of protein 32P in the deoxycholate-insoluble postsynaptic lattice fraction was further enriched, being almost 2-fold greater than that in the postsynaptic densities. This experiment was also performed with the addition of 5O,u~-cyclic AMP to the incubation medium. As expected kinase activity was stimulated under these conditions and modest increases of 32P incorporation over the basal rate occurred in both the synaptic membrane fraction and the two junctional fractions. The relative
